In this paper, we present the Small Bodies: Near and Far (SBNAF) Infrared Database, an easy-to-use tool intended to facilitate the modelling of thermal emission of small bodies of the Solar System. Our database collects measurements of thermal emissions for small Solar System targets that are otherwise available in scattered sources and provides a complete description of the data, including all information necessary to perform direct scientific analyses and without the need to access additional external resources. This public database contains representative data of asteroid observations of large surveys (e.g. AKARI, IRAS, and WISE) as well as a collection of small body observations of infrared space telescopes (e.g. the Herschel Space Observatory) and provides a web interface to access this data (https://ird.konkoly.hu).We also provide an example for the direct application of the database and show how it can be used to estimate the thermal inertia of specific populations, e.g. asteroids within a given size range. We show how different scalings of thermal inertia with heliocentric distance (i.e. temperature) may affect our interpretation of the data and discuss why the widely-used radiative conductivity exponent (α = -3/4) might not be adequate in general, as suggested in previous studies.
Introduction
The field of analysing and modelling the thermal emission of asteroids has experienced substantial growth in the last decade, mainly thanks to the improved availability of thermal emission data (Delbo et al. 2015) and it will continue thanks to the rising availability of shape models (Durech et al. 2015) and spatially resolved in situ thermal emission data from space instruments (the Hayabusa-2 and OSIRIS-REx missions, Watanabe et al. 2017; Enos & Lauretta 2019) .
The typical subsolar temperatures of near-Earth asteroids are ∼300 K, and ∼200 K in the main belt. The thermal emission of these asteroids peak in the mid-infrared (10-20µm). Although these wavelengths are partly available from the ground, the vast majority of these observations are performed by space instruments (e.g. the Akari Space Telescope and the WISE/NEOWISE surveys Usui et al. 2011; Masiero et al. 2011) . Despite their warm surface temperatures, the modelling of near-Earth asteroids benefited from far-infrared observations too, such as, the thermal modelling of (101955) Bennu, (308635) 2005 YU 55 , (99942) Apophis, and (162173) Ryugu (Müller et al. , 2014c . Beyond Jupiter and in the transneptunian region, the typical surface temperatures drop from ∼100 K to 30-50 K and the corresponding emission with a peak in the far-infrared (50-100 µm) is almost exclusively observed from space. Centaurs and TNOs were suitably observable with the far-infrared detectors of the Spitzer Space Telescope (mostly at 70 µm, Stansberry et al. 2008) and Herschel Space Observatory (70, 100 and 160 µm, Müller et al. 2009 Müller et al. , 2019 . Recent reviews on the thermal emission of asteroids and more distant objects by space instruments can be found in Müller et al. (2019) , Mainzer et al. (2015) , and references therein.
While the original primary goal of asteroid thermal infrared measurements was to derive diameters and albedos, the improvement of detector sensitivity and the availability of multi-epoch observations not only offer more precise diameters and albedos, but also allow fort the derivation of other physical properties, such as thermal inertia and surface roughness, and, consequently, such features as the porosity and physical nature of the regolith layer. Thermal emission measurements also provide information on the YORP effect (Vokrouhlický et al. 2015) and they can constrain the spin-axis orientation (see e.g. Müller et al. 2012 Müller et al. , 2013 Müller et al. , 2017 , as well as the temperature evolution that can alter the surface or subsurface composition as well as help in shape and spin modelling , while also providing information on diurnal temperature variations that may lead to thermal cracking and, thereby, produce fresh regolith (Delbo et al. 2014) .
The interpretation of the thermal emission measurements is rather complex, as the measured flux densities are strongly dependent on the epoch of the observations through the heliocentric distance of the target, the distance between the target and the observer, phase angle, aspect angle, rotational phase, and also on the thermal and surface roughness properties. The actual thermal characteristics are not fundamental properties, as, for example, the thermal inertia is a function of thermal conductivity, heat capacity, and density, while thermal conductivity and heat capacity both depend on the local temperature (see Keihm 1984; Keihm et al. 2012; Delbo et al. 2015; Marsset et al. 2017 al. 2018, and references therein) . Researchers working on these types of interpretations need to collect and process all of this auxiliary information to correctly interpret the thermal emission measurements individually for all type of instruments.
The primary goal of the Small Bodies: Near and Far (SB-NAF) Infrared Database (hereafter, IRDB) is to help scientists working in the field of modelling the thermal emission of small bodies by providing them with an easy-to-use tool. Our database collects available thermal emission measurements for small Solar Systems targets that are otherwise available in scattered sources and gives a complete description of the data, including all the information necessary to perform direct scientific calculations and without the need to access additional external resources. The IRDB provides disk-integrated, calibrated flux densities based on careful considerations of instrument-and project-specific calibration and processing steps. These multiepoch, multi-wavelength, multi-aspect data allow for a more complex thermophysical analysis for individual objects (e.g. using more sophisticated spin-shape solutions) or samples of objects. It will also allow for the combination of remote data with close-proximity data for the same target. In addition to answering direct scientific questions related to, for example, thermal inertia and other surface properties of the targets, it will also help in establishing celestial calibrators for instruments working in the thermal infrared regime, from mid-IR to submm wavelengths (see e.g. Müller et al. 2014b) .
Early versions of the database were used in several studies. Marciniak et al. ( , 2019 performed a modelling of long-period and low-amplitude asteroids and dervied the thermal properties of slowly rotating asteroids; Müller et al. (2017) obtained the spin-axis orientation of Ryugu using data from several infrared space and ground based instruments; and the 3D shape modelling and interpretation of the VLT/Sphere imaging of (6) Hebe was also supplemented by data from the infrared database (Marsset et al. 2017) . Reconsiderations of the thermal emission of Haumea (Müller et al. 2018b) , constrained with the occultation results (Ortiz et al. 2017 ) was also performed using multi-epoch, multi-mission data from the SBNAF IRDB.
In the present version of the database, we included flux densities only at those wavelengths which are expected to be purely thermal, with a negligible contribution from reflected solar radiation. This excludes, for example, the two short wavelength filters of WISE, W1 and W2 (3.4 and 4.6µm).
Our final aim is to include thermal data for all Solar System small bodies which have been detected at thermal infrared wavelengths. The initial version of the IRDB has been created in the framework of the Horizon 2020 project known as Small Bodies: Near and Far (COMPET-05-2015/687378, .
Researchers working on small body thermal emission topics are encouraged to submit their own processed and calibrated thermal infrared observations to the SBNAF IRDB. These will be transformed to the database standards, supplemented with auxiliary data and made available to the planetary science community.
The structure of the paper is the following. In Sect. 2, we summarize the scheme of the SBNAF Infrared Database and give a detailed summary of its resources. In Sect. 3, we describe the auxiliary data that supplement the core data. A detailed list of the database fields and SQL examples of the possible queries are provided in Sect. 4. In Sect. 5, we investigate the impact of albedos obtained from different resources on the colour correction values we calculate as auxiliary data and we provide an example application to demonstrate the capabilities of the SBNAF Infrared Database, and derive thermal inertias of some specific asteroid populations. Future aspects related to the database, including the submission of data to the IRDB, are discussed in Sect. 7.
Thermal infrared observations of asteroids and transneptunian objects
2.1. Database scheme
The main entries in our database are the (calibrated) infrared flux densities and the corresponding flux density error (denoted as f ± d f in the outline figure Fig.1 ), supplemented with observational meta data -object identifier, observatory, measurement identifier, instrument-band-filter-observing mode, start and end time of the observations, duration, measured in-band flux (calibrated, aperture-/beam-corrected, non-linearity/saturationcorrected, etc.). Raw flux densities or errors and observational meta data are typically available in the catalogues or targetspecific papers where we take our basic data from. These papers/catalogues are listed in Sect. 2.2. All these flux densities are processed (e.g. converted to [Jy] from magnitudes) and brought to a common format along with all meta data in our processing (see also Fig.1 ). The final aim is to include data of near-Earth, main-belt, and transneptunian objects with significant thermal measurements from different satellite missions (IRAS, MSX, ISO, AKARI, Herschel, WISE/NEOWISE) and also from the ground. In the present, first public release, we include IRAS, MSX, Akari, Herschel, and WISE/NEOWISE observations. A more detailed description of these missions and references to available infrared data are given in Sect. 2.2. The current version of the catalogue contains 169 980 entries (see Table 1 .).
To fully utilize these measurements, we collect auxiliary data for the observations from external sources. These data are partly stored as additional useful entries (e.g. orbital elements and coordinates from JPL/Horizons) or used to calculate quantities that are necessary for the correct interpretation of the measurements (e.g. colour correction). A list of quality comments or other relevant flags are also included. The IR database is created in such a way that all available thermal measurements of our selected targets are easily accessible through a simple web interface: https://ird.konkoly.hu.
Key references and sources of data
Below we give a summary of the references and sources of asteroid flux densities related to each mission and telescope. A simple reference code is also given for those papers or catalogues that presented flux densities used for our database. These codes are listed in the 'documents_references' field of the database for each measurement.
IRAS:
A general description of the Infrared Astronomical Satellite (IRAS) mission can be found in Neugebauer et al. (1984) . A detailed summary of the IRAS mission is given in the IRAS Explanatory Supplement, available at the NASA/IPAC Infrared Science Archive 1 , that also covers calibration issues (point source calibration, estimated accuracy, bright source problems, colour correction). Asteroid fluxes are obtained from The Supplemental IRAS Minor Planet Survey from Tedesco et al. (2002) [T02IRAS]. Table 1 . List of observatories or missions, instruments, filters, possible observing modes, and the number of measurements with a specific instrument, in the present version of the Infrared Database. Instruments on low-Earth orbits, such as AKARI, MSX and IRAS are referred to as geocentric (JPL code '500@399'), and we used the JPL code '500@-163' for WISE and '500@-486' for Herschel. Fig. 1 . Outline of the processing of data from the basic entries (catalogues and target-specific papers) to the web-interface of the SBNAF infrared database.
MSX: Mill (1994) and Mill et al. (1994) provide an overview of the spacecraft, its instruments, and scientific objectives, and Price & Witteborn (1995) ; Price et al. (1998) a general description of the astronomy experiments. More details on the astronomy experiments and the influence the spacecraft design has on these experiments can be found in Price et al. (2001) . Asteroid fluxes are obtained from The Midcourse Space Experiment Infrared Minor Planet Survey catalogue from Tedesco et al. (2002b) [T02MSX].
AKARI: The AKARI mission is described in Murakami et al. (2007) . Minor planet flux densities are obtained from the AKARI Asteroid Flux Catalog Ver.1 2 (Release October 2016), referred to as [AKARIAFC] in the IRDB. The catalogue contains data from the all-sky survey by Usui et al. (2011) , slowscan observation by Hasegawa et al. (2013) , and pointed observations of (25143) Itokawa and (162173) Ryugu by Müller et al. ( , 2017 . These 'non-survey' modes have their special flags in the 'obsmode' fields (IRC02: pointed observations; IRC11/IRC51: slow scan), as defined in the AKARI Asteroid Flux Catalogue.
Herschel: The Herschel Space Observatory mission is summarized in Pilbratt et al. (2010) . The Photometer Array Camera and Spectrometer (PACS) instrument is described in Poglitsch et al. (2010) . The photometric calibration of PACS is discussed in Nielbock et al. (2013) (chop-nod photometric observing mode) and in Balog et al. (2014) (scan-map photometric mode).
Flux densities of Solar System small bodies are obtained from selected publications of near-Earth asteroids and Centaurs/transneptunian objects.
WISE:
The WISE mission is described in Wright et al. (2010) . Data products are summarized in the Explanatory Supplement to the AllWISE Data Release Products (Cutri et al. 2013) .
The WISE Moving Object Pipeline Subsystem (WMOPS) reported all detections of Solar System small bodies to the IAU Minor Planet Center (MPC) for confirmation, whereas the computed in-band magnitudes were collected in the IRSA/IPAC archive, namely in the Level 1b catalogues. To retrieve these magnitudes, we queried the IPAC archive using a 1 arcsec cone search radius around the MPC-reported tracklets, which are all labelled 'C51' by the MPC. In this way, we avoid using false detections that may have been included in the IPAC archive (Mainzer et al. 2011a ).
Since we are only interested in flux densities collected during the fully-cryogenic phase of the mission, we queried the WISE All-Sky Database. The in-band magnitudes (m) were converted to in-band flux densities ( f ) as:
where f 0 is the zero-magnitude isophotal flux density of Vega for each band, as reported in Wright et al. (2010) . By definition, f 0 does not require a colour correction. From the tabulated magnitude error bar ∆m, the corresponding error bar of the in-bad flux is given by:
To correct for a discrepancy between red and blue calibrators observed after launch, Wright et al. 2010 suggest shifting the W3 and W4 isophotal wavelengths and correcting the isophotal flux densities accordingly. Thus, we took 11.10 and 22.64µm and 31.368, and 7.952 Jy, respectively (more details in Masiero et al. (2011) ). Flux densities obtained using this procedure are referred to as [WISEASD] in the respective field of our IRDB. In this release of the database, we included only those WISE measurements where there is also AKARI data for that object.
Auxiliary data
In our database, in addition to the basic data available in the resources listed above (measured (in-band) flux density and its uncertainty, date, instrument and filter, etc.), each measurement is supplemented with additional (auxiliary) data, either with data from external resources (mainly JPL/Horizons, Sect. 3.1), as well as values calculated from other fields of the database. The latter include the calculation of the monochromatic flux density at a pre-defined reference wavelengths (colour correction), conversion of calendar date to Julian date (JD, with or without correction for light-travel time), and adding absolute flux density errors (Sect. 3.2). The procedures to obtain these auxiliary data are summarized below.
JPL Horizons data
Our database uses data obtained from NASA's JPL-Horizons service. These data are stored in the database and available directly in the IRDB and, in some cases, also used for further calculations. We query the following parameters from JPL-Horizons:
-Orbital elements: semi-major axis, a (AU); eccentricity, e; inclination w.r.t XY-plane, i (degrees) (XY-plane: plane of the Earth's orbit at the reference epoch 3 ; longitude of ascending node, Ω (degrees); argument of perifocus, (degrees); mean anomaly, M (degrees).
-Parameters related to size and albedo: absolute magnitude, H (mag); slope parameter G; object's effective radius [km] ; object's V-band geometric albedo.
-Apparent position: apparent right ascension (RA) and declination (DEC) at the time of the observation, ICRF/J2000 inertial reference frame, compensated for down-leg light-time [deg/deg]; rate of change of target center apparent R.A. and DEC (airless). We note that dRA/dt is multiplied by the cosine of the declination [both in arcsec hour −1 ].
-Target brightness: asteroid's approximate apparent visual magnitude and surface brightness,
where H is the absolute brightness, r the heliocentric distance of the target, ∆ is the observer distance, and G, Φ 1 and Φ 2 are the slope parameter and the two base functions in Bowell et al. (1989) [mag, mag arcsec −2 ].
-Heliocentric distance: heliocentric range (r, light-time corrected) and range-rate ("rdot") of the target center [AU and km s −1 ]. In addition, the one-way down-leg light-time from target center to observer is also retrieved [sec]. -get_jplhelements: the orbital elements of the target body are retrieved with this function.
Near-Earth asteroids Müller et al. (2012) [M12] (101955) Bennu Müller et al. (2017) [M13] (308625) 2005 YU55 Müller et al. (2017) [M14] (99942) Apophis Müller et al. (2017) [M17] (162173) Ryugu Centaurs and transneptunian objects Duffard et al. (2014) [D14] 16 Centaurs Fornasier et al. (2013) [F13] Kiss et al. (2013) [K13] 2012 DR30 Lellouch et al. (2010) [L10] (136108) Haumea Lellouch et al. (2013) [L13] Lellouch et al. (2016) [L16] Pluto+Charon Lim et al. (2010) [LIM10] (136472) Makemake, (90482) Orcus Mommert et al. (2012) [MM12] 18 plutinos Müller et al. (2010) [M10] Vilenius et al. (2012) [V12] 19 classical transneptunian objects Vilenius et al. (2014) [V14] 18 classical transneptunian objects Vilenius et al. (2018) [V18] 1995 SM 55, 2005 RR 43, 2003 UZ 117, 2003 OP 32, 2002 TX 300, 1996 TO 66, 1999 CD 158, 1999 The following parameters are also extracted from the .csv files obtained by these functions: H, JPL radius, albedo, and slope parameter. In those cases when JPL recognizes the target as a comet and not an asteroid, T-mag (Comet's approximate apparent visual total magnitude), M1 (Total absolute magnitude) parameters are extracted and used. Also, a comment is written into to the database in this case.
The functions use astropy.table from Astropy (Astropy Collaboration: Robitaille et al. 2013 ; Astropy Collaboration 2018) and urllib3 4 .
Calculated values
Obtaining monochromatic flux density (colour correction): For most of the instruments or filters included in the IRDB, colour correction is calculated using the relative response profiles of the specific filters and assuming an estimated effective temperature (T eff ) for the target, which is calculated as:
where r h is the heliocentric distance (AU), p V is the V-band geometric albedo and q is the standard Bowell (1989) phase integral: q = 0.290+0.684G, where G is the slope parameter and using the solar constant of 1361.5 W/m 2 (Kopp & Lean 2011 ) and the Stefan-Boltzmann constant to get T = 393.6 K at 1 AU. We assumed an emissivity of unity. We use T e f f to calculate a black body SED which we utilize during the colour correction. But in case of high-albedo objects this formula does not work well (see Vilenius et al. 2018 and Brucker et al. 2009 ). If p V is unknown or uncertain, we use p V = 0.10 (see Sect. 5). We note that the p V in Eq. (4) 
where f i is the in-band flux density obtained directly from the measurements and K(λ) is the colour correction factor, which is obtained using the spectral energy distribution of the source (flux density F ν (λ)) and the relative response of the detector/filter system (R ν (λ)) as:
where λ c is the central (reference) wavelength of the filter in the photometric system and F re f ν (λ) is the reference spectral energy distribution of the photometric system (typically νF ν = const.).
The monochromatic flux density uncertainties are calculated as:
where ∆ f i is the in-band flux density uncertainty and r abs is the absolute calibration error, usually expressed as a fraction of the in-band flux (see below). The last term contains the flux density uncertainty due to the colour correction uncertainty characterised by r cc , which is approximately proportional to the deviation of the actual value of the colour correction from unity. In the present version, it is implemented in the following way:
-if 0.95 ≤ K(λ) ≤ 1.05 then r cc = 0.01; -if 0.90 ≤ K(λ) ≤ 0.95 then r cc = 0.02;
-if K(λ) ≤ 0.90 or K(λ) ≥ 1.05 then r cc = 0.03.
Procedure for adding the absolute calibration error: Absolute calibration error is calculated as described above in Eq. 6. The r abs factor is instrument-or filter-dependent and it is determined during the flux calibration of the instrument and is described in instrument specific calibration papers. These r abs values are following: 
Database and access

Main database file and web interface
From the collected data (flux densities, observational meta data, and auxiliary data, see above) a PostgreSQL table is created that is the essentially the SBNAF Infrared Database. The database is accessible through a web interface, available at https://ird.konkoly.hu/ (at Konkoly Observatory). An example is shown below, presenting the query screen (Fig. 2) and the resulting output screen (Fig. 3) for some selected IRAS and Akari observations of 1 Ceres. The SBNAF IRDB webpage is running on a dedicated linux machine. The webserver is NGINX and the webpage itself is a ASP.NET Core Web Application, which uses the ASP.NET Core 2.0 Framework. This web application communicates with the webserver, with the users through the webpage and with the database itself (PostgreSQL table) . The web content is generated on the server, and the users can only see the static HTML page in their web browser at the end. The user has the option to download the output page as a .csv file (using the 'Download' button).
The example above was generated by the following query: targetname LIKE '%Ceres%'and (observatory_project LIKE 'IRAS'or observatory_project ILIKE 'Akari'), requiring exact, case sensitive matching with 'LIKE' on 'targetname' (='Ceres') and selecting observatories 'IRAS' (exact name again with 'LIKE') and 'Akari' (selecting with 'ILIKE', i.e. case-insensitive). In this case, the output gives the default selection: 'naifid', 'targetname', 'observatory_project', 'obser-vation_mid_time', 'colour_corrected_flux_density', and 'abso-lute_flux_error'.
Numeric data types (FLOAT, DOUBLE) can be queried as follows: observation_start_time BETWEEN 2453869 AND 2454000: selects the objects where the observation time started between 2453869 and 2454000 (JD); observation_start_time > 2453869 AND observation_start_time < 2454000: returns the same results as the previous query. naifid = 2000001 : returns all targets with 'naifid' exactly equal to 2000001. 5 We took the absolute calibration uncertainties from Table 1 except for band A, for which we used a more conservative 5% absolute calibration error bar.
For string type data: targetname ILIKE '%ceres%': selects the targets with the substring "ceres" in it, case insensitive; ob-servatory_project = 'IRAS': returns all observations where the observatory_project name matches 'IRAS' exactly.
The query "comments_remarks ILIKE '%comet%'" lists measurements of comets (currently the Akari observations of the comet P/2006 HR30 (Siding Spring) in the D2.5 version of the database).
Additional examples are given on the starting page of the web interface. The summary of the database fields is given in the Appendix.
Alternative access
For those who want a more scriptable form of access to the IRDB, we will upload the database into the VizieR catalog service (Ochsenbein et al. 2000) . This database is widely used by the community and it provides an interface to search trough the different databases, and it can be queried trough several tools, like Astropy's astroquery.vizier interface or Topcat. In case of a major update we will upload a new data release to VizieR.
Also, we began the integration of the IRDB to the VESPA VO service 6 (Erard et al. 2018) . In this way our database can be accessed via EPN-TAP protocol, which is well known in the Virtual Observatory community. VESPA also provides a great tool for searching trough the different data services and with its help, the IRDB can become more accessible to researchers working on topics related to small body thermal emission. Because the VEASPA service will use the same database as our webpage, the data entered there will be always up to date.
The whole database can be downloaded directly from our webpage in csv format. The datafile contains a header and exactly the same data that can be accessed via the SQL query form. The size of the raw csv file is ∼125 MB in the current release.
Albedos and colour corrections of transneptunian objects
As described in Sect 3.1, albedo information is taken by default from the NASA/Horizons service. In case these albedo values are not known, we assumed an intermediate value of p V = 0.10 to calculate the colour correction, which is a reasonable approximation for objects with albedos p V ∼ < 0.30. We investigated how different the colour correction factors obtained using the Horizons albedo values are from those obtained using albedos calculated for specific objects based on radiometry in previous studies (e.g. Mommert et al. 2012; Santos-Sanz et al. 2012; Vilenius et al. 2012 Vilenius et al. , 2014 . This comparison was performed for Centaurs and transneptunian objects, as in these cases significant deviations are expected from the general, low albedo values. Fig. 4 presents the colour correction factors obtained using the albedo values from NASA/Horizons (top row), as well as those obtained from specific publications (bottom row). In general, the differences in the colour correction factors are negligible (mainly because the corrections factors typically close to 1 in the surface temperature range for the Herschel/PACS filters). However, for some individual targets (e.g those with large heliocentric distance and relatively high albedo) the colour correction factors may differ by 5-10%. Therefore, in the updated version of the infrared database, we used the object-specific values whenever they are available. 
Thermal inertias of asteroid populations
In this section, we provide an example of how the database can be used to study scientific questions. Namely, we show how to explore the dependence of thermal inertia (Γ) with temperature (T ) or, equivalently, heliocentric distance (r), and how to com-pare populations of asteroids with different sizes. These quantities are relevant, for example, for studies of dynamical evolution where the Yarkovsky effect plays a role since it is influenced among other factors by Γ (see e.g. Bottke et al. 2006) .
Thermal inertia is defined as Γ = √ ρCκ, where ρ is the density, C the specific heat capacity, and κ the thermal conductiv-Article number, page 7 of 16 A&A proofs: manuscript no. main ity of the material. Its SI unit is J m −2 s −1/2 K −1 . Most thermophysical models of asteroids used so far to constrain Γ have assumed it is constant even though the heat conductivity is itself a function of temperature. For this reason, thermal inertias determined from observations taken at different heliocentric distances cannot be compared directly and must be normalised to an agreed heliocentric distance (see, e.g. Delbo et al. 2015 for a review). Assuming that heat is transported through the regolith mainly by radiative conduction within the spaces between the grains (Jakosky 1986; Kuhrt, E. & Giese, B. 1989) , we have κ ∝ T 3 and hence Γ ∝ r −3/4 (see also the discussion by Delbo et al. 2007 ). We can then write
where Γ 0 is the value at 1 au, r is expressed in au, and α = −3/4 is the classically-assumed radiative conductivity exponent. Rozitis et al. (2018) studied three eccentric near-Earth asteroids observed by WISE more than once at a wide range of r and showed that −3/4 may not be appropriate in general. Instead, they found that each one of their targets required different exponents to fit their Γ-vs.-r plots, namely α = −2.2, −1.5, and −0.92, although only the error bars of the first case, (1036) Ganymed, were incompatible with the 'classical' α = −3/4. This effect requires further studies. Below, we propose ways to use our database to examine how α affects our interpretation of the thermal IR observations.
With our database, we can readily select the thermally dominated WISE W3 and W4 fluxes of a group of asteroids within a given size and albedo range and compare how models with different pairs of values of Γ and α fit the observations. First, we took 10-km, low-albedo asteroids. To account for uncertainties, we queried the database for all W3 and W4 colour-corrected fluxes of objects in the size range 9 km ≤ D ≤ 11 km with visible geometric albedos p V ≤ 0.12. This sample includes ∼4000 fluxes per band, corresponding to about 300 asteroids, the vast majority of which are main-belt asteroids. Figure 5 shows these fluxes plotted against heliocentric distance at the epoch of observations. For reference, we also show the fluxes at which the onset of saturation occurs in each band with horizontal lines of the corresponding colour.
Next, we used the thermo-physical model of Delbo et al. (2007) under the Lagerros approximation (Lagerros 1996 (Lagerros , 1998 to calculate the W3 and W4 fluxes at various heliocentric distances (r = 1.25, 1.5, 2.0, 2.5, . . . 6.0 au) for a rotating sphere 7 with rotation period P = 6 h, Bond albedo A = 0.03, surface roughness rms = 0.6 (the default value for main belt asteroids chosen by Müller & Lagerros 1998; Müller 2002) , and different thermal inertias at 1 au. We sampled Γ 0 = 10, 30, 50, 100, 150, 200 J m −2 s −1/2 K −1 and α = 0, −0.75 and −2.20, and used Eq. 7 to compute the corresponding Γ(r) for each case. Figures 5 to 7 show the W3 and W4 data and the best fitting models corresponding to α = 0, −0.75, and −2.20. The best Γ 0 in each case increases with α, namely 10, 50 and 150 J m −2 s −1/2 K −1 . These models appear to reproduce the data trend reasonably well considering the numerous approximations that we made. To establish a quantitative comparison, we averaged the data within 0.5 au-wide heliocentric distance bins centred at 2.0, 2.5, . . . 4.5 au, and used these averages ( f bin ) and standard deviations (σ bin ) to calculate the χ 2 for each model (F bin ) as χ 2 = bins (F bin − f bin ) /σ bin 2 . Considering two degrees of freedom, α and Γ 0 , all three cases produced reduced χ 2 between ∼4.5 and 5 indicating that the data are fit at 2.2 sigma only in average. Hence, we cannot simultaneously optimise α and Γ 0 with this approach given the current lack of 'ground-truth' information for objects in this size range.
Nonetheless, it is still worth putting these models in the context of other populations. For example, if α = 0 was to be confirmed, we would conclude that the typical Γ 0 's of 10-km asteroids would be a factor of 5 lower than that of the Moon's (∼50 J m −2 s −1/2 K −1 ). This would be unexpected because so far such low Γs have only been found among the largest asteroids (e.g. Müller 2002; Mueller et al. 2006; O'Rourke et al. 2012; Delbo & Tanga 2009; Hanuš et al. 2018 ), but we cannot rule the possibility out from this approach alone. Among the models with α = −3/4, the best Γ 0 is very close to the lunar value and the average Γ 0 of the nine 10-km objects in Table A .3 of , namely ∼58 J m −2 s −1/2 K −1 . However, this does not confirm α = −3/4 as the best value for 10-km either. Based on previous modelling reviewed by Delbo et al. (2015) ; see their right panel of Fig. 9 ; we would actually expect higher Γ 0 s for the 'classical' α value, specifically in the ∼ 300 J m −2 s −1/2 K −1 (the role of size is further discussed below). A larger sample of 10-km asteroids with accurate shapes and modelled Γs would be needed to establish a more conclusive result. We would also need many more high-quality shape models of highly eccentric objects to enable additional studies like Rozitis et al. (2018) in order to constrain α, given its crucial impact on the Γ 0 values and ultimately on their physical interpretation, especially in the light of the results from the space missions.
The approach illustrated here does enable the comparison of thermal inertias of differently sized populations if we keep all other parameters equal. For instance, we have about 2500 observations of the ∼100 objects with sizes of 75 km that are featured both in the WISE and the AKARI catalogues (see Sec. 2.2). With α = −2.20, we require a lower Γ 0 to fit 75-km asteroid data (50 J m −2 s −1/2 K −1 ) than 10-km asteroid data (150 J m −2 s −1/2 K −1 ). The W3 and W4 (left panel) and S9W and L18W (right panel) data and corresponding model fluxes for 75-km asteroids are shown in Fig. 8 . Although there are fewer objects in this size range and removing partially saturated data introduces an artefact in the W3 data trend, the conclusion that smaller asteroids have higher thermal inertias is robustly supported, at least when comparing the 10 to 75-km diameter range.
Finally, some of the effects not accounted for by our simplifying assumptions could be added into the modelling in future work, such as, a large set of shapes with different elongations or degrees of irregularity and spin pole orientations. With these, and a finer and more complete sampling of Γ, α, and P, it might be possible to obtain a model with a high 'goodness of fit' (see e.g. Press et al. 1986 ). We have not considered the completeness of the samples and we emphasise that the database does not currently contain the full WISE catalogue, but only the data pertaining to those objects that are featured in the AKARI catalogue. The AKARI catalogue is complete in the Main Belt down to sizes 20 km (Usui et al. 2013 (Usui et al. , 2014 , but contains fewer Hildas/Cybeles/Jupiter Trojans in the L18W band. Also, in future works, we will incorporate the full WISE catalogue into the database to have more NEAs and members of populations beyond the main belt.
Future updates of the SBNAF Infrared Database
Planned updates
A full assessment of all Herschel/PACS main belt asteroid observations were performed in the framework of the Small Bodies: Near and Far Horizon 2020 project ). Far- Fig. 5 . WISE W3 and W4 colour-corrected fluxes of 10-km asteroids versus heliocentric distance (blue and ochre empty circles). The purple and green lines are the corresponding model fluxes with Γ 0 = 10 J m −2 s −1/2 K −1 and α = 0. For reference, since we have excluded partially saturated fluxes from the analysis (cf. 8, left panel), we also indicate the fluxes at which saturation occurs in each band (Cutri et al. 2012) . A&A proofs: manuscript no. main Fig. 8 . Left: the onset of partial saturation limits the usefulness of the W3 data for the 75-km population. The gap between the main belt and the Hildas/Cybeles/Jupiter Trojans is apparent. Right: The same plot but using AKARI data. In this case there were no saturation limits but there were fewer 18-µm data at r > 4 au. infrared flux densities obtained from these measurements will be made public with the next release of the database. Infrared data from serendipitous observations of bright main belt asteroids with the Herschel/PACS and SPIRE photometer detectors are also planned to be added.
Submitting data
Researchers who have infrared measurements can submit their reduced data to the SBNAF Infrared Database by sending an email to the address irdb@csfk.mta.hu. After the submission the data will be processed as it was described in sections above, and these processed and auxiliary data will be uploaded to the database. We request the input data in a CSV file (simple attachment of the cover email), with the following columns: -Inband_flux_error: uncertainty of the in-band photometric flux density 'calibrated_inband_flux', with all direct photometric errors considered, but without errors related to the spectral energy distribution of the target (colour correction),and also without the consideration of the absolute photometric error of the instrument -Comments: comments regarding the measurement; e.g. the flux density is an upper limit, the flux is already colour corrected, or it is obtained from a combination of more than one measurements, etc
band_filter Name of the filter/band used for the specific observation (STRING) calibrated_inband_flux_Jy: In-band photometric flux density in [Jansky] units, with all photometric corrections applied, including aperture/encircled energy fraction corrections, but without colour correction (DOUBLE). Sources of original data are listed in Sect. 2.2.
inband_flux_error_Jy: Uncertainty of the in-band photometric flux density 'calibrated_inband_flux_Jy', with all direct photometric errors considered, but without errors related to the spectral energy distribution of the target (colour correction), and also without the consideration of the absolute photometric error of the instrument (DOUBLE).
quality_flags: (STRING)
-WISE 10 :
-Contamination and confusion flags:
• P -Persistence. Source may be a spurious detection of (P). • p -Persistence. Contaminated by (p) a short-term latent image left by a bright source. • 0 (number zero) -Source is unaffected by known artifacts. -Photometric quality flags:
• A -Source is detected in this band with a flux signalto-noise ratio w_snr >10. 
Example of infrared database fields
Below, we present the specification of the infrared database fields through an example (Akari measurement of (25143) Itokawa) as it was at the time of the production of this document. Changes may apply and the description should be taken from the latest version of the file AstIrDbTbl_keys_v<version_number>.txt.
